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GECMETRICAL ACOUSTICS AT MICROWAVE FREQUENCIES

OBJECTIVE

The purpose of this investigation is to study focusing and deflection
of microwave acoustic bulk wave and surface wave beams in inhomcgeneous
anisotropic solids and to evaluate potential device applications of these
effects. ITnitially, the emphasis was on strictly geometrical effects and
on inhomogeneities induced by means of magnetic and electric fields applied
to ferromagnetic and semiconducting crystals. The investigation was later
expanded to include diffracticn effects and optically induced inhomogeneities,

using mechanisms such as photoconductivity in piezoelectric media.
I. CONTROIL OF ACOUSTIC SURFACE WAVES WITH PHOTOCONDUCTIVE FIIMS

A. Introduction

In Reference 1, experiments were described in which an accustic surface
vave is refiected by an optically induced pattern of conductivity ir a paoto-
conductive CdS film overlay on the substrate surface. The pattern (which
is produced by imaging the shadow of an appropriate mask onto the CdS film)
has the form of a grating of illuminated quarter-wavelength bars, with quarier-
wavelength spacings. If the bar width and spacing is increased to one-half
wa- elength, the same interaction leads to scattering from a normally-incident
longitudinal volume wave into a surface wave (Fig. 1). Volume-to-surface
scattering of this kind has now been observed experimentally and is found

to be in fairly good agreement with theoretical predictions.

B. Theory
A Born perturbation analysis of volume-to-surfuce scattering and surface-

to-surface scattering has been developed by using the normal mode approach
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FIG. 1--Photoconductive scattering of a longitudinal volume
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to surface wave analysis.2’3 Only the lowest order term is retained in the
parturbation calculation. The scattering calculation can therefore be carried
out first for a single bar of the grating (Figs. £ and 3) and then summed
over the entire grating.

If tne photoconductive effect is assuied to be isotropic, the permit-

tivity of the illuminated regions in the C4S £ilm is changed from ‘gT to

1
T _ gT + e K I(y,z)/iw (1)

Aem

where e is a perturbation parameter and

K photocenductive consiant

optical illumination intensity

I(y:z)

The perturbed eloctric and acoustic fields are then expressed as

i<
i
+
o
b

These fields must satisfy the divergence equation

v:«Dd' = 0. (3)




with

3

R e

As in the derivation of Ingetrigtsen's perturbation formula, the
assumption is made that the stress field is essentially unperturbed.‘ The

first-order term in (3) is then

- T o1 ,
vV-¢g- E ) = Poquiv (5)
where
= Xy, (0)
Pequiv. © I V-1 (y,2) E (6)

is the equivalent source of the first-order field. One first evaluates
pequiv from the zero-order (or incident wave) field. The first-order
(or scattzred wave) field can then be obtained from the mode amplitude

-
. c
equation »3

R o )
(SZ"IDRIaP_-(z) = £ (z), (7)

where
ap (2) = amplitude of the scatiered surface wave %raveling

to the left in Figs. ¢ and 3
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FIG. 2--Surface wave to surface wave scattering at a single
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(pR(y) = electrical potential field for a unit amplitude
surface wave
PR = powver density/unit width for a unit amplitude °

surface wave
A computer calculation of the surface wave fields in the C4dS layer showus
that ¢H‘ iz constant to ar zccuracy of % 104 and can therefore be
removed from the integral in f(z).

~

From (6) and (7), the amplitude sf the scattered surface wave is”

* 0 ig
iy Rz
gl = K / / {gg(IE}(,_O))+ 2 te Tae  (8)

where BR is the surface wave propagation factor. The illumination
intensity I is independent of =z within the bar (-£ to +£ in Figs. £

and 3) and varies exponentialiy with y . That is

e 2l (9)

o

Io
vhere 206 is the optical absorption factor in the CdS. For volume-
to-surface scattering, the zero order field is independent of 2z and

the second term in (8) is zero. In the surface-to-surface case the

second term is not identically zero but it can be shown to be of negligible
importance compared with the first. The scattered wave amplitude is

therefore




D -Ca H -if
]aR_l = KI EP—§ ,[g (e 0 E§O)(0) - El(ro)('ﬂ))e de_z (10)

To evaluate (10), one must consider the volume-to-surface and
surface-to-surface problems separately. Details of the calculation
will b~ given in a journal publication now in preparati~n. For the
geometry shown in Fig. 1, with n =1 pm and a frequency of 10Z.5 Miz
the scatiered wave amplitude for surface-to-surface scattiering is

KI

*
y Ko Pg
lap I = 575x10 — I'P_R P {11)

B2

P s (12)

with

pover dens ity/unit width

f/;d
]

for the incident surface wave

pover density/ for the incident volume wave

B
i

unit area

From (11) and (12) the ratio of the scattered powers is

()

=~ out )vs

(pout)

6 (1)
= 1,M;x106.._04u°_ Pv

Pg
(Io)ss s
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Thig is for a single grating bar in each case. Summing the scattered
wave amplitudes over the N bars in the grating gives a scattered

pcwer proportional o H° . One then has

(pcut /Pin)
vs

pP—7—— = 1l.kh x 10 —_—r
( out/D ) 1 ll» % 10 A( 21 ) b
~in N
ce 0/

where

Py = (pin)vs/A

g
0
I

(pin)ss/w
Jrom Fig. 1.

C. Experimental nesults

Experiments were performed at 102.5 MHz , using a 16 bar photo-
conductive grating fo_ volume-to-surface scattering and a 20 bar grating
for surface-to-surface scattering. Optical illumination was provided
by the pulsed argon laser described in Reference 1. The width w of

the surface wave bz2am and the area A cf the longitudinal wave beam are

(33)
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1.h5 x 10'3 m
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1.265 x 10~

If the optical illumination intensity is 5She same for both volume-to-
surface and surface-to-surface scattering, (13) predicts that the volume-
to-surface scattering efficiency is £9.3 dB smaller than the surface-to-
surfece scattering. Experimentally observed results for several different
. ystems were 33 dB , 31 dB, 38 dB, and 27 dB . It should be noted that
the adjustment of the optical mask iiu order to obtain optimum scattering
iz quite critical, and there ig no guarantee that the volume-to-surface
and surface-to-surface scattering losses were measured under exactly the
same conditions.
The experiments were usually performed by exciting a surface wave in
Fig. 1 and detecting the scattering longitudinal volume wave. Spurious
signals presented the major obstacle to getting a clear picture of the
scattering. Echo patterns, resulting from excitation of the volume trans-
ducer by (a) direct electromagnetic radiation from the input interdigital’

transqgacer (b) electromagnetic radiation from the surface wave pickup transducer,

and (c) possibi~ acouctic reflections from the leading or trailing edges

of the CdS film, all served to hide the scattered bulk wave. Eventually,

careful shielding and grounding solved most of these problems. Fig. 4,

..9-
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shows a sample of the volume wave transducer output with and without the
optical grating pattern applied to the CdS.
The remaining problem is one of absolute scattering losses. Typically,

in our experiments, we hed total transducer lcsses averaging about 20 4B .
Total insertion 1loss from input to output varied from 74 dB to 84 dB ,
and the absolute scattering loss therefore varies from 54 dB to 64 dB .
It should be noted however that the surface-to-surface scattering ranged
from 10 to 25 dB larger than the best value reported in Reference 1. The

*  photoconductive quality of the CdS film is a critical factor and probably
accounts for this difference in the observed surface-to-surface scattering.
With a 5 dB surface-to-surface scattering loss, as given in Reference 1,
one should expect a volume-to-surface scattering loss of 33 dB for a 20
bar grating. Theoretically, the scattering efficiency should vary as the
square of N , the number of bars in the grating. It is to be expected
that this relationship will be modified by attenuation due to the CdS
conductivity and to multiple reflections, which have been ignored in the
calculation. Surface-to-surface scattering measurements have shown that
the scattering varies nearly with N rather than as N2 . One should,

therefore, still be able to reduce the scattering loss by increasing N .

II. FRESNEL ZONE FOCUSING AND SCANNING OF VOLUME ACOUSTIC WAVES

A. Introducvtion

The purpose of this study is to investigate the focusing and scanning
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FIG. 4--Transmission from input to output transducer in Fig. 1.
(a) Laser off; (b) Laser on.
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A

of acoustic beams using acousiic Fresnel zone plates with boih fixed and
phcteconduciive itransducers. Some of the resulis haye been described in

the previous Annual Repori (October ig71).

B. Calculated behavior

The concept of a zone plate was described in the previous report.
For a monorhromatic plane wave incident on the aperiure plane of Fig. 5,
Huygens wavelet construction at the aperture plane indicates that radiation
of all whases reaches the point P . Blocking 211 but in-phase radiation
should increase intensity over the uniform illumination case. From Fig. 5,
if the regions between r, and ryoT and r3 etc. are made nonradiating,

and if Rn = Ro + 2% , 211 energy at P will be in phase. From the diagram

n
1}
ny

For cases where R0>> nh , this reduces to

Ny
n

r = DRy = nry (1)

where it is seen directly that the focal length, Ro is a function of

frequency

The behavior of a given zone plate constructed in accordance with (1)

may be calculated using the Rayleigh-Sommerfeld diffraction integral

0Ny

ez

U(xp2) K 3 .z 2
= //p exp | j— (xo +p - EDXO cos 6 §dodo (2)
Jenz o Yo
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FIG. 5--Fresnel zone plate construction.
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from which it is seen that the focal lengih has increased by a factor

1/(i-2v).
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An experiment iz being performed in which the Fresnel zone plzate
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IiI. SUMMARY AND PROJECTICH

Scatiering of a surface zcoustic wave into a voluxme wave by a
photoconductive grating hac been observed experimentally, the resulis
being in fairly gocd agreement with theoretical predictions. A
publication is now being prepared.

Preiiminary experimental cbservationz have been made of the focal
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pizme ictesrify diztricziion prodoced by am eleed Fresnel zome plate
framsdgrer. jore complete mesruremenis are plomed for fhi= zys=tem,
after wkich zimilzr expecimemic wiil be carried cut for &oe ezte of 2
rhococordueiive zone plate freccdueer. Inm the Istier cose, scamming
of the fooszsed Dezm ir possible ant the wlfinzte gozl ix o vee this

srrengenent for scanred zceoustic Imegings.
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